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(54) PROTECTIVE RELAY SYSTEM WITH SPACIAL DIFFERENCE FILTER AND SUMMING FILTER 

(57) A protective relay system for discriminating 
whether or not fault point of the power system exists 
within a predetermined range, which comprises an addi- 
tion filter adapted to input sampling data v m , i m of voltage 
v, current i of the power system to a filter having transfer 
function (1+Z" 1 +2 " 2 + • * • +Z* n ) (1+Z' 1 ) (Z is Z trans- 
form operator to obtain voltage data v sm , current data i sm 
as output, a difference filter adapted to input sampling 
data v m , i m of the voltage v, current i to a filter having 
transfer function (Z k -Z q ) ( k+q=n+l ; k < q) to obtain volt- 
age data vjm, current data ijm as output, a controlled var- 
iable calculation unit for calculating reactance value X m 
on the basis of the following equation: 
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from voltage v sm , current i sm obtained at the additionf ilter 
and voltage Vj m , current ij m obtained at the difference fil- 
ter at time t m and voltage v snvp , current i sm . p obtained 
from the addition filter and voltage Vj m . pf current ij m . p 
obtained from the difference filter at time t m . p , and an 
operation judgment unit for judging whether or not X m ^ 
Xs holds, from reactance value X m and setting value Xj. 
obtained at the controlled variable calculation means. 
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Description 
TECHNICAL FIELD 

This invention relates to a protective relay system provided with a difference filter and an addition fitter, and more 
particularly to a protective relay system substantially free from influence of harmonic components which may be included 
in a fault current. 

BACKGROUND ART 



The main technical object of protective relay systems used for protecting the power system is to lessen influence 
of harmonic components of fault current and fault voltage produced at the time of system failure. Particularly, in recent 
years, since charge capacity component of the system in equipments or facilities such as cable (power) transmission 
line and/or phase modifying capacitor, etc. has been increased, the order of harmonic wave produced in the system 
is power has tendency to increase (value twice or three times greater than the fundamental wave). 

For this reason, in a method of attenuating harmonic components by filter which has been conventionally applied, 
it is necessary to prolong delay time of the filter in order to ensure desired attenuation quantity, resulting in delayed 
operation time of the relay. In order to solve such a problem, there has been conventionally employed an approximation 
system such that even if any harmonic component is included in the system power, there essentially results no influence 
20 of the harmonic wave. 

One example of the system employed at present will be described below. 

In a transmission line 2 of FIG. 1 , assuming now that voltage and current at point A of installation of a protective 
relay 1 are respectively v and i when transmission line impedance constants up to the fault point F are such that resistance 
is R and inductance is L, the differential equation of the transmission line 2 is expressed by the following equation (1) 
25 in the case where fault point (F) voltage is zero. By carrying out approximate calculation of the differential term (di/dt) of 
this equation (1), it is possible to calculate, with high accuracy, value proportional to inductance L without eliminating 
harmonic wave by using filter. 



v=R • i + L (1) 



An example of an actual method for digital operation practically applied is indicated below. 

v m+ v m-1 sR •('m +i m-l) + L , ( i m" i m-l) 
35 VnM+V^-R * 0 m-1 +v m- 2 ) + L * (' m-1 - v m-2> (2) 

When X(= co 0 • L) is calculated from the equation (2), the following equation (3) is obtained. The frequency 
characteristic of the reactance value X^X (true value) is represented by the following equation (4), and its characteristic 
is as indicated by line (a) of FIG. 2. FIG. 2 is a graph in which frequency is taken on the abscissa and reactance measured 
40 value is taken on the ordinate. In this case, the line (a) indicates the characteristic in the case where sampling frequency 
is 600 Hz, and the line (b) indicates the characteristic in the case where sampling frequency is 4800 Hz. 

. Y , (%+^-l) * Vm^ +t 'm-2Hv m .<L + V m -2) •Q'm+ r m-'l) ™ 

45 

L m /L (true value) = tan (co 0 T/2)/tan (©T/2) (4) 

In this case, since i m = l • sin (cot m ) and v m = V • sin(a>t m + e), differential approximation quantity 
so n i m -i nh1 " and diffentiated quantity " v v + v m _ 1 n can be respectively expressed by the following equations (5) and (6). 

i m - i m . 1 = 21 - sin (©T/2) • cos(<ot m - coT/2) (5) 

v m + v rrv1 = 2V • cos(a>T/2) • sin(cot m - coT/2 + 6) (6) 



In the above equation, T is sampling period, co is angular frequency, and 6 is voltage lead phase with respect to 
current. 

As shown in FIG. 2, it is understood that according as frequency deviates from that of the fundamental wave, value 
of Lm/L (true value) becomes smaller than 1 . This value is permitted to keep value in the vicinity of 1 at values approx- 
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imately twice or third times greater than the fundamental wave if the value of (coT/2) is further held down to lower value 
(the sampling period is reduced). The frequency characteristic when the sampling frequency is set to value eight times 
greater than the fundamental wave is shown FIG. 2(b). Namely, from a qualitative point of view, the relationship between 
the differential approximation quantity "i m - i m .r and the differentiated quantity *V m + v m0 " are as indicated by the following 
; equations (7) and (8). From these equations, it is indicated that its approximation accuracy is improved. 

sin(coT/2)«a>T/2, cos(coT/2)«1 

i m - i rTh1 = 21 -sin (a>T/2) • cos (a>t m -coT/2) -21 • (a>172) • cos (cot m - ©T/2) (7) 

v m + V m-1 = 2V ' cos (°> T / 2 ) * sin (cot m - coT/2+ 6) » 2V • sin (cot m - 0T/2 + 6) (8) 

Accordingly, if the sampling frequency is caused to become high (the period is reduced), the approximation accu- 
racy of differentiation can be improved. However, the value of the equation (7) becomes very small value with respect 
t ■ to the amplitude value I, and noise error e included in the sample or sampled data "i m , ^"effectively becomes great, 
homa viewpoint of practical use, it is very difficult to ensure accuracy. 

(i m -i m . 1 )/(o 0 T/2) ~2I • (Wco 0 ) • cos(cot m -o)T/2)) + e/(oo 0 T/2) (9) 

in the above equation, e is noise error. This noise error is white noise, etc. produced in the analog circuit, and 
ou*r<Lrat>on enor. etc. produced at the time of analog-to-digital conversion. 

\vr^ the sampling period T = i/4800 sec, and o> 0 = 2n • 50 Hz , error of the portion n e/(co 0 T/2) " of the equation 
( 9) * f * »x*ca!ed by the following equation (10). The error is amplified so that it becomes equal to value 30 times greater 
tn*n t?x» ordinal value. 

— * 

e /(a> 0 T/2) = 96e/n « 30.557e (1 0) 

SUMMARY OF THE INVENTION 

:v This invention has been made in view of the above-mentioned circumstances, and its object is to provide a protective 
1 eia y system in which error amplification by differential approximation is suppressed so that there results the characteristic 
mat LJL (true value) is unlimitedly equal to 1 in broad frequency band, and free from influence of harmonic components 
produced m fault voltage/fault current of the power system. 

To achieve the above-mentioned object, a protective relay system according to this invention is directed to a pro- 

c-5 tectrve r eiay system adapted for detecting, in time series manner, first electric variable (quantity of electricity) and second 
eiectrc variable of the power system to discriminate on the basis of changes in the respective electric variables in the 
tine senes whether or not fault portion (point) of line or equipment included in the power system exists (falls) within a 
pr edeter mined range thus to protect the power system, the system comprising: digital filter means including a difference 
f mer tor outputtmg first difference electric variable data indicative of difference between at least two sample data of plural 

4C sample data of the first electric variable and second difference electric variable data indicative of difference between at 
least two sample data of plural sample data of the second electric variable at plural sampling times of the time series, 
and an adoption filter for outputting first and second additive electric variable data indicative of data respectively orthog- 
onal to the first and second difference electric variable data in terms of vector; and relay control means for calculating 
controlled variable of the relay operation in the power system on the basis of the first and second difference electric 

4$ vartaoie data at a certain sampling time, first and second additive electric variable data at the certain sampling time 
point the first and second difference electric variable data at any other sampling time point and the first and second 
additrve electric variable data at the other sampling time point to judge (discriminate), on the basis of the controlled 
variables, the operation as to whether or not protection of the power system should be carried out. 

In the above-mentioned protective relay system, the difference filter is a filter in which transfer function "Z" k = Z" q n 

so (2 is Z transform operator and k < q) is used to output voltage data v jm and current data i jm serving as the first and 
second difference electric variable data at certain sampling time and voltage data v jm _ p and current data i jm _p at any 
other sampling time t m .p, and the addition filter is a filter in which transfer function 
-(l+Z" 1 +Z~ 2 + • • • +Z* n ) (1 + Z* 1 ) n fn + 1 = k + q w ) is used to output voltage data v 8m and current data i sm serv- 
ing as the first and second additive electric variable data at the certain sampling time t m and voltage data v 8m . p and 

55 current data i 8rn . p at the other sampling time Vp. 

Further, in the above-mentioned protective relay system, the relay control means includes controlled variable cal- 
culation means for calculating relay controlled variable including at least one of reactance value, ohm value and oper- 
ation/suppression quantity on the basis of the voltage data v jm and Vj m . p and the current data i jm and ij m . p which are 
outputs of the difference filter of the digital filter means and the voltage data v sm and v sm . p and the current data i sm and 
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i which are outputs of the addition filter; and operation judgment means for judging whether or not value of the relay 
controlled variable calculated by the controlled variable calculation means has a predetermined relationship with respect 
to a predetermined setting value and constant These components are the fundamental configuration of the protective 
relay system according to this invention. 

In accordance with the protective relay system according to the first aspect of this invention, in the above-mentioned 
fundamental conf iguration, the controlled variable calculation means is constituted by reactance value calculation means 
for determining reactance value X m by the following equation (A) on the basis of the current data i jm and i jm . p which are 
outputs of the difference filter, and the voltage data v sm and v sm _p and the current data i sm and i sm . p which are outputs 
of the addition filter 

^ _ ' v sm* 1 sm-p+ l sm* v sm-p j^) 
m " i}m * 1 sm-p + 'jm-p * 1 sm 

15 Moreover, the operation judgment means judges the discriminant "X m =i X s " from reactance value X m and set- 

ting value Xg determined by the reactance calculation means. 

In accordance with the protective relay system according to the second aspect of this invention, in the above-men- 
tioned configuration, the controlled variable calculation means is constituted by operation/suppression quantity calcula- 
tion means for calculating operation/suppression quantities a m and corresponding to reactance value by the following 

20 equation (B) on the basis of the current data i jm and i Jm . p which are outputs of the difference filter and the voltage data 
v sm and v sm . p and the current data i sm and i sm . p which are outputs of the addition filter: 

a m = ~ v sm * Um-p + 'sm * v sm-p 
25 b m = -i jm • i snV p+ijnvp * ' sm < B > 

Moreover, the operation judgment means judges discriminant "b m • X 8 -a m s K0 " from the operation/suppres- 
sion quantities am and bm determined by the operation/suppression quantity calculation means, and setting value Xs 
and constant K0. 

30 In accordance with the protective relay system according to the third aspect of this invention, in the above-mentioned 
fundamental configuration, the controlled variable calculation means is constituted by ohm value calculation means for 
determining ohm value Rm by the following equation (C) on the basis of the current data i jm and i jm . p which are outputs 
of the difference filter and the voltage data v sm and v sm . p and the current data i sm and i sm . p which are outputs of the 
additive fitter: 



35 



45 



R - "Om * v sm-p +v sm * i ] jm-p (Q) 
m " ijm " ' sm-p + l jm-p * 1 sm 



40 Moreover, the operation judgment means judges discriminant "R m * R s " from the ohm value determined by 

the ohm value calculation means and setting value R s . 

In accordance with the protective relay system according to the fourth aspect of this invention, in the fundamental 
configuration, the controlled variable calculation means is constituted by operation/suppression quantity calculation 
means corresponding to ohm value by the following equation (D) on the basis of the current data i jm and i jm . p which are 
outputs of the difference filter and the voltage data v sm and v sm _ p and the current data i sm and i sm . p which are outputs 
of the addition filter: 

c m = ~'jm * v sm-p +v sm * 1 jrrvp 

SO b m = * i jm * 'sm-p + 'jm-P " 'sm ^ 

Moreover, the operation judgment means judges discriminant " b m • R s -c m s Kl" from the operation/suppres- 
sion quantity C m and b m determined by the operation/suppression quantity calculation means, and setting value R 8 and 
constant Kl. 

55 In accordance with the protective relay system according to the fifth aspect of this invention, in the above-mentioned 
configuration, the controlled variable calculation means is constituted by reactance value calculation means for deter- 
mining reactance value X m by the following equation (A) on the basis of the current data i jm and i jm . p which are outputs 
of the difference filter, and the voltage data v sm and v sm _ p and the current data i sm and i sm _ p which are outputs of the 
addition filter 
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Y _ sm ' sm- p T ' sm w sm-p ... 
A m= ./. . / \rV> 

1 jm ' sm-p^'jm-p ' sm 

and ohm value calculation means for determining ohm value K m by the following equation (C) on the basis of the current 
data ij m and ij m . p which are outputs of the difference filter and the voltage data v sm and v sm _ p and the current data i sm 
and 'sm-p which are outputs of the addition filter: 

D "Jim * v s m-p+V sm * Qro-p 

H m= "TT 7j < C ) 

'jm f sm-p^'/m-p 1 sm 

Moreover, the operation judgment means serves to judge (discriminate) the discriminant (E) on the basis of the reactance 
value R m determined by the reactance value calculation means the ohm value R m determined by the ohm value calcu- 
lation means: 

is (R m -R 0 ) • (R m -R F ) + (X m -X 0 ) • (X m -X f ) * 0 (E) 

where Ro (ohmic component) is the offset mho near side setting value 
Xq (reactance component) is offset mho near side setting value 
R F (ohmic component) is the offset mho far side setting value, and 
20 X F (reactance component) is the offset mho far side setting value 

In accordance with the protective relay system according to the sixth aspect of this invention, in the above-men- 
tioned fundamental configuration, the controlled variable calculation means is constituted by polarity voltage preparation 
means for preparing polarity voltage v p j m having a predetermined relationship with respect to the voltage data vj m and/or 
25 v sm on * ne basis of tne voltage data vj m which is output of the differential filter and voltage data v am which is output of 
the addition filter, and the operation judgment means serves to judge, whether or not the following discriminant holds, 
on the basis of voltage data vj m and current data i jm which are outputs of the difference filter, voltage data v 6m and current 
data i sm which are outputs of the additive filter, polarity voltage v P j m which is output of the polarity voltage preparation 
means, and setting values R 8 and X^: 



30 



V pjm-p # « R s ' l S m + X 6 -ijrJ-VsmJ-Vpjm ' K^s # Um-p+^s ' ' jrrvp) ' * m J £ K2 (F) 



In accordance with the protective relay system according the seventh aspect of this invention, in the above-men- 
tioned sixth aspect, the polarity voltage preparation means synthesizes a voltage orthogonal in a fundamental wave with 
35 respect to output v sm of the addition filter in terms of vector to output it as the polarity voltage v p j m to the operation 
judgment means. 

In accordance with the protective relay system according to the eighth aspect of this invention, in the above-men- 
tioned sixth aspect, the polarity voltage preparation means serves to output a voltage earlier by predetermined time of 
voltage data v jm from the difference filter at the sampling time point t m to the operation judgement means as the polarity 
40 voltage v pjm . 

In accordance with the protective relay system according to the ninth aspect of this invention, in the above-mentioned 
sixth aspect, the polarity voltage preparation means serves to synthesize positive phase voltage from output v jm of the 
difference filter and output v sm of the addition filter with three-phase voltage of the power system at the sampling time 
tm being as reference to output it as the polarity voltage j p j m to the operation determination means. 

45 In accordance with the protective relay system according to the tenth aspect of this invention, in the above-mentioned 
fundamental configuration, the controlled variable calculation means is composed of charge current compensation 
means for determining a predetermined electric variable ( i ^ - C s • v Jm ) on the basis of the voltage data vj m as output 
of the difference filter, and the current data i sm as output of the addition filter at the sampling time point tm, and setting 
value C 6 ; and transmitting/receiving means adapted for transmitting the predetermined electric variable ( i sm - C s • v jm ) 

so delivered from the charge current compensation means to a destination electric station (B electric station) where the 
protective relay system is installed and for receiving electric variable ( i sm - C s • v j m ) B from any other protective relay 
system installed in the destination electric station (B electric station), and the operation judgment means serves to 
judges, on the basis of the predetermined electric variable (i sm - C s • v j m ) delivered from the charge current compen- 
sation means and the predetermined electric variable (i sm - C s • v jm ) B delivered from the transmitting/receiving 

55 means, whether or not the following discriminant (G) holds: 

D0sm-C 8 • v jm ) + (i sm -C s • v jm )B|gka • {Di sm -C s • v jf j + 0(i sm - C s • v jm )B D } + kb (G) 
where narnfl is quantity proportional to amplitude value of a.c. electric variable a at the time point of t m , 
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ka is No. ratio suppression digits (absolute number), and 
kb is minimum sensitively current. 

The fundamental operation of the protective relay system constructed as above will be described below. 
5 When sarrple data of current i=l • sin(cot) is inputted to the digital filter means, processing as described below is 

earned out 

initially, by allowing such sample data to be passed through the digital filter of the first stage 
( i ♦ z 1 ♦ 2 r ♦ • • • + 2 " n ), current V sm at time point tm is obtained. 

i sm = I • (sin (<ot m ) + sin (cot m -coT) + sin (ot m - 2a>7) • • v + sin (totm - ncoT)) 
= I • (sin ((n+1)coT/2/sin(a>T/2)) • sin (<ot m - ncoT/2) 

Father, by allowing such sampling data to be passed through digital filter of the succeeding stage (1 + Z~ 1 ), 
i« clp i ern i%rn at the time point t m is as indicated by the following equation. 

1 ~~ - 1 \n ♦ 1 yn i s 1 " < sin ((n+1)a>T/2)/sin(coT/2)) • (sin (cot m - ncoT/2) + sin (cot m - coT - ncoT/2)) 
= 21 • (sin((n+1)coT/2)Aan(coT/2)) • sin(cot m - (n + 1) coT/2)) 



20 



25 



amjo w»n respect to the voltage, expansion can be similarly made. When the current i=l • sin(cot) is caused to 
be passed rwoug* the difference filter, current ij m at time point tm is as indicated by following equation (14). 

i jfn - I • (sin(cot m - kcoT) - sin (cot m - qcoT)) 
= 21 • sin ((q-k) coT/2) • cos (cot m - (k4q)oT/2) 



Also win respect to the voltage, expansion can be similarly made. In this case, if the equations (12) and (13) 
have the i eiations^p that they are orthogonal to each other in terms of vector, k+q = n+1 holds. 
30 Mot eover rf value as close as to 1 is selected in the fundamental wave so that quantity which determines magnitudes 
of the? lgitsKJe of the equation (14) does not become |sin((q-k)coT/2| < < 1 .performance of the frequency characteristic 
can be ensured m the state where noise error is not amplified. For example, let considerthe case where k=0 and q=n+1 . 
At this tme the equation (14) is expressed as follows. 

35 'jm = 21 ' sin((n+1)coT/2) • cos (cot m - (n+1)coT/2) (15) 

Father substitution of the relationship of the equation (15) and the equation (13) into the equation gives the 
following equation 

^- /.tankr/zr 68 "^ (16) 

Accordingly, if n is caused to be sufficiently greater value, influence of noise error on the current data of the 
equation ( 1 5) can be lessened, and the frequency characteristic performance with respect to the fundamental wave of 
X m can satisfy the characteristic of FIG. 2. X m /X (value in terms of the fundamental wave) = tan (cd 0 T /2)/tan (coT/2) . 
45 As oescrtoed above, in accordance with this invention, even if harmonic components are superimposed on fault 
current/voltage produced at the times of failure of the power system, input data is caused to be passed through prede- 
termined digital filters of which characteristics are orthogonal to each other in terms of vector in a broad frequency band, 
thereby making n possible to approximately solve, with high accuracy, a predetermined differential equation. Thus, high 
accuracy protective relay system can be realized. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

55 FIG i is a block circuit diagram showi ng power system to which a protective relay system according to this invention 
is applied. 

FIG. 2 is a characteristic diagram showing an example of frequency characteristic of reactance measured value for 
explaining protective operation in protective relay system according to this invention; 
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FIG. 3 is a block diagram showing the fundamental configuration of the protective relay system according to this 
invention; 

FIG. 4 is a block diagram showing the configuration of the protective relay system according to a first embodiment 
(first aspect) of this invention; 

FIG. 5 is a block diagram showing the configuration of the protective relay system according to a second embodiment 
(second aspect) of this invention; 

FIG. 6 is a characteristic diagram showing reactance characteristic on the impedance plane in the protective relay 
system according to the first and second embodiments of this invention; 

FIG. 7 is a block diagram showing the configuration of the protective relay system according to the third embodiment 
(third aspect) of this invention; 

FIG. 8 is a block diagram showing the configuration of the protective relay system according to the fourth embodiment 
(fourth aspect) of this invention; 

FIG. 9 is a characteristic diagram showing ohm characteristic on the impedance plane in the protective relay system 
according to the fourth embodiment of this invention; 

FIG. 10 is a block diagram showing the configuration of the protective relay system according to a fifth embodiment 
(fifth aspect) of this invention; 

FIG. 1 1 is a characteristic diagram showing offset mho characteristic on the impedance plane in the protective relay 
system according to the fifth embodiment of this invention; 

FIG. 1 2 is a block diagram showing the protective relay system according to the sixth embodiment (seventh aspect) 
of this invention; 

FIG. 13 is a characteristic diagram showing the relationship between the maximum sensitivity angle and setting 
impedance of the mho characteristic in the protective relay system according to the sixth embodiment of this inven- 
tion; 

FIG. 14 is a characteristic diagram showing mho characteristic in which the relationship shown in FIG. 15 is repre- 
sented by current reference. 

FIG. 1 5 is a block diagram showing the configuration of the protective relay system according to the seventh embod- 
iment (eighth aspect) of this invention; 

FIG. 16 is a block diagram showing the configuration of the protective relay system according to an eighth embod- 
iment (ninth aspect) of this invention; 

FIG. 1 7 is a block diagram sowing the configuration of the protective relay system according to a ninth embodiment 
(tenth aspect) of this invention; and 

FIG. 1 8 is a circuit diagram of power transmission line for explaining transmission equation with respect to the charge 
current compensation in the protective relay system shown in FIG. 17. 

55 BEST MODE FOR CARRYING OUT INVENTION 

Preferred embodiments of a protective relay system according to this invention will now be described in detail with 
reference to the attached drawings. 

Prior to description of the embodiments of the protective relay system according to this invention, the fundamental 
40 concept of this invention will now be described with reference to FIG. 3. 

FIG. 3 is a block diagram showing the entirety of a power system provided in the protective relay system. In FIG. 3, 
the protective relay system 1 is connected to a transmission line 2 comprising an ax. power supply 3, a potential trans- 
former (FT) 4 and a current transformer (CT) 5. The potential transformer 4 is voltage transformer used for measuring 
high voltage to measure voltage at a certain point of the transmission line 2. The current transformer 5 is an instrument 
45 transformer to measure a current at a certain point of the transmission line 2. The voltage and the current are the above- 
described first and second electric variables. 

The protective relay system 1 comprises analog processing means 10 for processing analog data relating to voltage 
and current measured at plural sampling points continuous in time series manner, and digital protective relay means 15 
for carrying out protective relay operation on the basis of digital data obtained by allowing the analog data to undergo 
so analog-digital conversion. 

The analog processing means 10 comprises a voltage sample-hold circuit 1 1 for detecting, every predetermined 
sampling time, voltage at a certain point of the transmission line 2 measured by the potential transformer 4, a current 
sample-hold circuit 12 for detecting, every sampling time, current at a certain point of the transmission line 2 measured 
by the current transformer 5. a multiplexer 13 for multiplexing or selecting voltage data and current data of time series 
55 respectively outputted from the voltage sample-hold circuit 1 1 and the current sample-hold circuit 12 to output them, 
and an analog-to-digital converter 14 for converting voltage data and current data delivered from the multiplexer 13 from 
analog signal to digital signal to deliver it to the digital protective relay system 15. 

The digital protective relay system 1 5 comprises a memory 1 6 for temporarily storing respective digital data relating 
to voltage and current delivered from the analog/digital converter 14 of the analog processing means 10, digital filter 
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means 20 for allowing voltage and current digital data as first and second electric variables delivered from the memory 
16 to respectively undergo filtering (processing) to obtain output necessary for control, and relay control means 30 for 
determining controlled variable of the relay operation on the basis of plural outputs from the digital filter means 20. 
The digital filter means 20 comprises a difference filter 21 for outputting first difference electric variable data which 

s is difference between at least two sample data of plural sample data with respect to voltage as the first electric variable 
and second difference electric variable data which is difference between at least two sample data of plural data as the 
second electric variable at plural sampling times of the time series, and an addition filter 22 for outputting first and second 
additive electric variable data which are data respectively orthogonal to the first and second difference electric variable 
data in terms of vector. In more practical sense, the differential fitter 21 is a filter in which transfer function "Z" k - Z* m (2 
io is Z transform operator, and k < q) is used to output voltage data vj m and current data ij m which serve as the first and 
second difference electric variable data at a certain sampling time t m , and voltage data vj m ^ and current data i jm _ p at 
any other sampling time Vp- Moreover, the addition filter 22 is a filter in which transfer function 
/•(1+Z _1 +Z" 2 + • • * + Z' n ) (1+Z' 1 )"("n+1 = k+q ")is used to output voltage data v sm and current datai sm serving as 
the first and second additive electric variable data at the certain sampling time t m , and voltage data v sm . p and current 

is data i sm . p at the other sampling time point Vp. 

Further, the relay control means 30 comprises controlled variable calculation means 31 for calculating relay con- 
trolled variable including at least one of reactance value, ohm value, operation/suppression quantity on the basis of the 
voltage data Vj m and vj^p and the current data ij m and ij m . p outputs of the difference filter of the digital filter means, and 
the voltage data v sm and v snvp and the current data i sm and i sm . p which are outputs of the addition filter, and operation 

20 judgment means 32 for judging whether or not the value of the relay controlled variable calculated by the controlled 
variable calculating means has a predetermined relationship with respect to predetermined setting value and constant. 
By such a configuration, the relay control means calculates controlled variable of the relay operation in the power system 
on the basis of the first and second difference electric variable data at a certain sampling time, first and second additive 
electric variable data at the certain sampling time, first and second difference electric variable data at any other sampling 

25 time, and first and second additive electric variable data at the other sampling time to judge, on the basis of the controlled 
variable, the operation as to whether or not protection of the power system should be carried out, thus making it possible 
to control the relay operation of the power system. 

The gist of this invention resides in that there is used digital filter means comprising difference filter 21 using the 
transfer function "(Z~ k - Z"^" and addition filter 22 operative while correlating with the operational action of the difference 

30 filter 21, and using the transfer function w (1+Z"Vz' 2 + • • • + Z" n ) (1+Z* 1 ) ". The first to ninth embodiments (first to 
tenth aspects) are characterized in that the kinds of controlled variables calculated by using respective outputs of the 
filters 21. 22 constituting the digital filter means are respectively different in various manners. 

Explanation will now be given in detail in connection with digital protective relay means by different configurations 
caused to corresponding to different kinds of controlled variables, e.g., reactance value, ohm value, respective opera - 

35 tion/suppression quantities, polarity voltage, and charge current compensation quantity, etc. 

FIG. 4 is a block diagram of the first embodiment for explaining the protective relay system according to the first 
aspect of this invention This invention is characterized in that a measure is taken such that even if the sampling period 
is reduced, noise error included in data of differential quantity is not amplified, thereby making it possible to ensure 
performance of the frequency characteristic indicated by the equation (14). In FIG. 4, reference numeral 21 denotes a 

40 digital difference filter for extracting predetermined frequency components of voltage and current of power system (not 
shown) subject to protection, and reference numeral 22 denotes a digital addition filter tor extracting voltage and current 
orthogonal to output data of the difference filter 21 in terms of vector even with respect to all frequency components. 
Moreover, reference numeral 31 denotes reactance value calculation means for calculating reactance, and reference 
numeral 41 denotes operation judgment means for judgment of operation. 

45 Sample values v m , i m at time t m of voltage v and current i of the power system are inputted to the addition filter 22 
of FIG. 4 to allow them to be passed through a filter having transfer function (1+Z*Vz" 2 + • • • +Z" n ) ( J+Z* 1 ) (Z indi- 
cates Z transform operator) to thereby obtain voltage v sm , current i sm . Further, the sample values v m , i m are inputted to 
the difference filter 21 to allow them to be passed through a filter having transfer function (Z" k -Z^) (d+q=n+1 ; k < q) to 
thereby voltage vj m , current ij m . 

so The reactance value calculation means 31 calculates reactance value X m on the basis of the following equation (11) 
from voltage v sm and current i sm obtained at the addition filter 22 and voltage vj m and current ij m obtained at the differential 
filter at time t m , and voltage v sm . p> current i sm . p obtained from the addition f flter 22 and voltage v jm . p and current i^p 
obtained from the differential filter 21 at time t m . p . Further, the operation judgment means 41 judges, from the reactance 
value X m obtained at the reactance value calculation means 31 and setting value X s , whether or not X m ^ Xg hold to 

55 conduct judgment of operation such that if the above relationship holds, the protective relay is in operative state, while 
it does not hold, the it is inoperative state. 
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40 



-1/ •/+!•!/ 

v sm sm-p* ' sm v sm-p M "M 

m = -/. . / +/' . / 

' jm ' sm-p^' jm~p ' sm 

Functions of respective digital filters are represented by using Z transform operator in a manner as indicated by 
the following equation. It is to be noted that since orthogonal relationship is described in detail in the Disclosure of the 
Invention, explanation thereof is omitted here (there holds the relationship that the addition filter 22 is lag by 90 degrees 
with respect to the difference filter 21). 

(1+Z' 1 +Z' 2 + • • • +Z" n )(1+Z~ 1 ) 



(T k -T°) (In this case. k+q=n+1 ) 

Further, in the case where setting is made such that k=0, q=n+1 in the difference filter 21 , the transfer function 
of the addition filter 22 may be caused to be (1+Z" 1 +Z" 2 + • • • +Z* n ) (1-Z" 1 ), (=1-Z _,v1 ). Moreover, it is apparent that 
this configuration and the configuration of the addition filter 22 can be realized by divisional configuration consisting of 
75 three digital filters. Namely, input voltage and current are caused to be first passed through the first filter of the following 
equation to input its output to two filters, i.e., a second filter and a third filter, thus making K possible to obtain an output 
equivalent to the differential fitter and the additive filter 22. 

First filter: (1+Z'Vz" 2 * • • • +Z" n ) 

20 Second filter: (1+Z" 1 ) 
Third filter: (1-Z" 1 ) 

The reactance value calculation means 31 of FIG. 4 is means for calculating reactance value from the protective 
relay installation point up to fault point of the transmission line of FIG. 1 by the equation (11). When input voltage and 
25 current of the differential filter 21 and the addition filter 22 are expressed as i=l • sin (cot) , v=V • sin (cot+6) , the equa- 
tion (1 1) can be represented by the equation (1 6). 

The operation judgment means 41 makes a correction as indicated by X m ^ X 8 Aan (o 0 • T/2) by X m calculated 
at the reactance value calculation means 31 , setting value Xg and constant tan (co 0 T/2) at the fundamental wave deter- 
mined in advance to judge whether or not the protective relay is operative. It is to be noted that, in the description of the 
30 gist of this invention, description of plural collating operations of the operation judgments is omitted here. 

The protective relay system of the second embodiment corresponding to the second aspect will now be described. 
FIG. 5 is a block diagram showing the configuration of the protective relay system according to the second embod- 
iment of this invention. 

In the second embodiment, in place of the reactance value calculation means 41 of FIG. 4, reactance value oper- 
35 ation/suppression quantity calculation means 42 for calculating the following equation (17) is applied. 

1 sm-p +l sm * v sm-p 



b m = " j jm ' 'sm-p+'sm-p # Urn O 7 ) 



When current input and voltage input of the digital filter 20 consisting of difference filter 21 and addition filter 22 
of FIG. 4 are respectively expressed as i=l • sin (cot) , v=V • sin (cot+e) , the above equation is represented by the 
following equation (18). 

45 a m = 4 • I • v • {(sin ((n+1)coT/2)) Aan(coT/2)} 2 • sin(G) • sin(pcoT) 

b m = 4 • I 2 • {sin((n+1)coT/2)} 2 /tan( cot/2) • sin(pcoT) (18) 

The operation judgment means 42 is of a structure to make a correction of reactance setting value Xg such that 
50 *X S +- X s /tan(co 0 T/2)" to carry out judgement of operation on the basis of discriminant expressed as 
"b m • X a -a m sK0" (K0 is sensitivity constant). The protective relay of the second embodiment is protective relay 
having reactance characteristic similar to FIG. 4, and differs from the system disclosed in the first embodiment of FIG. 
4 only in the technique for realization. The reactance characteristic diagram is shown in FIG. 6. 

FIG. 7 is a block diagram showing the configuration of the protective relay system according to the third embodiment 
55 corresponding to the third aspect. 

In the third embodiment, ohm value calculation means 33 for calculating the equation (c) is applied as the controlled 
variable calculation means 30. 

In accordance with this equation, when current and voltage inputs of the digital filter 20 consisting of difference filter 
21 and addition filter 22 of FIG. 4 are respectively expressed as i=l • sin (cot) and v=V • sin (cot+6) , 
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-j. . v sm . p +v sm -ij m - p =4 • V • {sin((n+1)o>T/2)} 2 /tan(coT/2) -cos (8) • sin (PcoT) . Further, from the relation- 
ship of the equation (18), the following equation is obtained: 

R m = (l/V)cos(6) (19) 

5 

The operation judgment means 43 is of a structure to judge the relationship in magnitude between the ohm value cal- 
culated by the equation (19) and the setting value R s to judge the protective relay to be operative when B R m £ R s " holds. 

FIG. 8 is a blockdiagram showing the configuration of the protective relay system according to the fourth embodiment 
corresponding to the fourth aspect of this invention. In the fourth embodiment, ohm value operation/suppression quantity 
io calculation means 34 for calculating the equation (D) is applied as the controlled variable calculation means 30. 

In the fourth embodiment, when current and voltage inputs of digital filter 20 consisting of differential filter 21 and 
addition filter 22 of FIG. 3 are respectively expressed as i=l • sin (cot) and v=V • sin (<ot+6) , 
c m =i jm "Vsm-p+Vsm # Vp = 4 #l-v * {sin ((n+1) ©T/2)} V tan (o>T/2) • cos(6).sin (PcoT) . Additionally, b m is the 
same variable as that in the second embodiment shown in FIG. 5. 
is The operation judgment means 44 is of a structure to carry out operation judgment on the basis of b m • R 6 -c m s k1 
from ohm setting value Rs, sensitivity constant K1 and outputs c m , b m of the operation/suppression quantity calculation 
means 34. The protective relay of this embodiment is a protective relay having ohm characteristic in a manner similar 
to FIG. 5, and differs from the system disclosed in the second embodiment only in the technique for realization. The 
ohm characteristic diagram is shown in FIG. 9. 

FIG. 1 0 is a block diagram showing the configuration of the protective relay system according to the f ifth embodiment 
corresponding to the fifth aspect of this invention. The protective relay of the fifth embodiment is combination of the 
protective relays which have been already described. 

Namely, this system comprises controlled variable calculation means 30 including reactance value calculation 
means 31 for carrying out an operation described below, 

«X _ " l sm* v sm-p~*~ l sm-p * v s/d w 
' sm ' jm-p^' sm-p jm 

which rs equivalent to that of the reactance value calculation means 31 in the protective relay system of the first embod- 
*? iment shown in FIG. 4, and ohm value calculation means 33 in the third embodiment shown in FIG. 7. Accordingly, output 
to the operation judgment means 45 of the controlled variable calculation means 30 is reactance value X m and ohm 
value R m . 

Trie operation judgment means 45 judges whether or not the protective relay is operative, on the basis of discriminant 
-(R m -R 0 ) -(R m -R F )+(X m -X 0 ) -(X m -X F ) ^ 0 " from output Xm of a reactance value calculating means 31 A and output 
35 Rm of ohm value calculation means 33. In this case, Ro. Xo and R s . Xs are as indicated below. 

offset mho: near side setting value (R 0 (ohm component) Xo (reactance component)). 

far side setting value (R F (ohm component). X F (reactance component)). 

40 The protective relay of the fifth embodiment is protective relay having offset mho characteristic. The offset mho 
characteristic diagram is shown in FIG. 1 1 . 

The sixth to eighth embodiment of this invention will now be described. These three embodiments respectively 
correspond to the seventh to ninth aspects, and are conceptually included within the sixth aspect as the higher rank 
concept. 

45 Accordingly, the controlled variable calculation means is comprised of polarity voltage preparation means for pre- 
paring polarity voltage v pjm having a predetermined relationship with respect to these voltage data v jm and/or v sm on 
the basis of the voltage data v jm which is output of the difference filter and voltage data v sm which is output of the addition 
filter. The predetermined relationship is somewhat different in the sixth to eighth embodiments. 

Moreover, the operation judgment means judges whether or not the following discriminant (F) holds, on the basis 

so of voltage data vj m and current data i jm which are outputs of the difference filter, voltage data vsm and current data i sm 
which are outputs of the additive filter, polarity voltage Vpj m which is output of the polarity voltage preparation means, 
and setting values R s and X s . 



55 



V 



pjm-p 



• «R S • i S m + X s • i jm )-v 8m }-v pjm • {R 8 • i 8nvp + X s - i jmf )-v 8 ^]sK2 (F) 



FIG. 12 is a block diagram showing the configuration of the protective relay system according to the sixth embod- 
iment corresponding to the seventh aspect. The protective relay of the sixth embodiment is combination of the protective 
relay already described. The polarity voltage preparation means 36 extracts voltage variable v p | m orthogonal to output 
vsm of the addition filter in terms of vector as controlled variable calculation means 30. The operation judgment means 
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46 judges, on the basis of the following equation, whether or not, whether or not the protective relay is operative. (R s , 
X s ) are setting values of the ohm component and the reactance component. It is necessary to use Xg after undergone 
correction of X s <- X s /tan(co 0 T72) . In the following *juation (F). the electric variable of the portion of 
(R s • i sm +X s • i m ) leads by magnitude of (R 2 2 +X s 2 ) 1/2 and phase <(>=tan " (X S /R s ) with the current i sm being as 
5 reference. The relationship thereof is shown in FIG. 13. 

V pjm -p • «Rs -Um + Xs 'W-VsrJ-Vpjm ' « R s ' Um-p + Xs • i jm . p ) -V sm . p ) £ K2 (F) 

When i=l • sin (cot) and v=V • sin (cot+e) are respectively substituted for input current and input voltage of the difference 
w filter 21 and the addition filter 22 of the embodiment, the following equation is provided. 

V pj • {(R s • l s * cos(6) + X s Aan(e 0 T/2) -Ij • sin(6))-V s } • sin (pcoT) s K2 

In this case, l s , V s and lj are expressed as follows. 

15 

l s a 21 • sin((n+1)o)T/2)/tan(o)T/2) 

V s = 2V • sin((n+1 )coT/2)Aan(coT/2) 

20 lj = 2l*sin((n+1)coT/2) 

When the above-mentioned equation is represented by [magnitude (Rs^X^) 172 and phase <t>=tan" 1 (X s /R s )], 
the following relational expression is provided. 

25 V p j • {(Z s • I s cos(e)cos((|>) +Z s • I j • sin(e)sin(<|>)-V s } • sin(pcoT) 

= Vpj • {Z s • I • (cos(6)cos(<|>) +sin(6)sin(<|>))-V 6 } • sin(pcoT) 
= V pj • {Z s • I • cos(6-<|>)-V 8 } • sin(pcoT) 
sK2 

30 

The above-mentioned equation eventually the equation of the principle of operation of the mho characteristic. The mho 
characteristic is shown in FIG. 14. 

FIG. 1 5 is a block diagram showing the configuration of the protective relay system according to the seventh embod- 
iment corresponding to the eighth aspect of this invention. In FIG. 15, operation judgment means 47 is provided in place 
35 of the operation judgment means 46 shown in FIG. 12. In this embodiment, memory voltage earlier by predetermined 
cycle (data earlier by N samples) of voltage Vjm orthogonal to the voltage v sm is caused to be polarity voltage. Namely. 

V pjm = 2V • sin((n+1)coT/2) • cos(cot m + 8 - NcoT - (n+1)coT/2 

40 V sm = 2V • (sin((n+1)coT/2)tan(coT/2) • sin(cot m + 6 - (n+1)coT/2)) 

(NcooT=2tiM (M is integer)) 
Others are similar to those of FIG. 12. 

FIG. 16 is a block diagram showing the configuration of the protective relay system according to the tenth embod- 

45 iment corresponding to the ninth aspect. In FIG. 16. operation judgment means 48 is provided in place of the operation 
judgment means 46 shown in FIG. 1 2. In this embodiment, as voltage v p j m orthogonal to the voltage vsm, if that voltage 
is voltage for detection of short circuit, e.g., in the case of AB phase, positive phase voltage having AB phase as reference 
is extracted (A, B, C represent respective phases of three-phase a.c. electric variable). The voltage v p j m can be extracted 
by v pjm (AB)=3 1/2 .v sm (c) + v jm (AB). . 

so Moreover, if positive phase voltage is voltage for grounding, the positive phase voltage having A phase as reference 
can be calculated by v pjm (A) =3 1/2 • v Jm (A)-v jm (BC) . In addition to the method in which predetermined (required) 
voltage vector is synthesized from two electric variables orthogonal to each other, a method in which the sampling time 
series is shifted by 90 degrees may be applied. 

FIG. 1 7 is a block diagram showing the configuration of the protective relay system according to the ninth embodiment 

55 corresponding to the tenth aspect of this invention. Charge current compensation means 35 makes a correction of setting 
value C s such that C 8 <- C 8 /tan(co 0 T/2) to calculate i 6m -C 6 .v jm from output ism of the additive filter 22 and output 
v jm of the differential filter 21 . The C s • v jm is compensation component of current produced by the charge capacity C 6 . 
The electric variable "(i sm -C s • v jm )B " for the destination electric station B is received by transmitting/receiving means 
39, and the electric variable of the terminal for source of transmission is transmitted to the B electric station. 
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The operation judgment means 49 carries out operation judgment on the basis of the following equation from vector 
sum current of current obtained by compensating charge current of the terminal for source of transmission provided by 
the charge current compensation means 35 and current obtained by compensating charge current of the destination 
electric station B terminal, i.e., scalar sum current of amplitude value of differential current and amplitude of current 
5 obtained by compensating charge currents of respective terminals. This equation is the operation principle equation of 
the ratio differential relay system well known as the transmission line differential protective relay 

OOsmCs • Vj m )+(ism-C 8 ' v im B « * « sm~C s ' V jm Mi sm -C s • V jm )B||Hkb 

10 where gafl indicates quantity proportional to amplitude value of a.c. electric variable a at time point of tm 
Ka is No. of ratio suppression digits (absolute number), and 
Kb is minimum sensitivity current 

The physical meaning of the charge current compensation of this equation will be described below with reference 
is to the transmission line of FIG. 18. The well known transmission equation is indicated at the transmitting/receiving ter- 
minal. 

forward wave: i DF (t) = i s (t-x)+e s (t-x)/z +i R (t+x)-e R (t+T)/z 

20 backward wave:i DB (t) = i s (t-T)+e 8 (t-x)/z +i R (t+x)-e R (t+x)/z 

differential current: i DD (t) = (i DF (t)+i DB (t))/2 

where suffix s is transmission terminal. 
25 R is charge terminal. 



30 



35 



Z is serge impedance = (L/C) 1/2 
x is propagation time = 1 • (LC) 1/2 



Implementation of Taylor expansion approximation to the differential current i DD (t) under the condition of (t « 0) 

gives: 

-.oo <•)- WW-. *g ^ ^2 -rfi-wj 2# 



40 +<t 2 /2) y— «* 3 /(3!2)) — f 



2 d 2 i R (t) 3 d 3 e R {t) 
2 - -(t 3 /(3!2)) 



deM) de R (t) 

i s (t) - w + « r» - (^) -gr 



so kt/z = SC/2 



(1/2 of charge capacity of SR entire interval) 
55 If differential current is extracted only by current vector sum current (is(t)+iR(t)) of the transmitting/receiving ter- 

minal, the previously described charge current component would be error current, leading to lowering of sensitivity of 
the differential relay. Accordingly, such error current is compensated so that only the fault current component can be 
extracted. It is apparent as previously described that this invention can be applied to the time differential equation of the 
above-mentioned equation. In addition, it is omitted that the meaning of the ratio differential system is described here. 
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INDUSTRIAL APPLICABILITY 

In accordance with the protective relay system according to this invention, even if harmonic components are super- 
imposed on fault current or fault voltage produced at the time of occurrence of failure of the power system, an approach 
is employed to approximate, with higher accuracy, a predetermined time differential equation by predetermined digital 
filters of which characteristics are orthogonal to each other in terms of vector in a broad frequency band. Accordingly, 
there is provided protective relay system of high accuracy free from influence of noise error in failure of the system. 
Thus, this protective relay system can be widely applied to power system including various power equipments, particularly 
equipments such as cable transmission line, phase modifying capacitor and the like. 

Claims 

1. A protective relay system adapted for detecting, in time series manner, first electric variable and second electric 
variable of the power system to discriminate on the basis of changes in the respective electric values in the time 

75 series whether or not fault portion (point) of line or equipment included in the power system exists within a prede- 
termined range, 

the system comprising: 

digital filter means including a difference filter for outputting first difference electric variable data indicative of 
difference between at least two sample data of plural sampling data of thef irst electric variable and second difference 
20 electric variable data indicative of 

between at least two sample data of plural sample data of the second electric variable at plural sampling 
times of the time series, and an addition filter for outputting first and second additive electric variable data indicative 
of data respectively orthogonal to the first and second difference electric variable data in terms of vector; and 

relay control means for calculating controlled variables of the relay operation in the power system on the 
25 basis of the first and second difference electric variable data at a certain sampling time, first and second additive 
electric variable data at the certain sampling time point, the first and second difference electric variable data at any 
other sampling time point and the first and second additive electric variable data at the other sampling time point to 
judge (discriminate), on the basis of the controlled variables, the operation as to whether not protection of the power 
system should be carried out. 

30 

2. A protective relay system as set forth in claim 1 , 

wherein the difference filter is a filter in which transfer function n 2T k -Z^ n (Z is Z transform operator and k < q) 
is used to output voltage data v jm and current data ij m serving as the first and second difference electric variable 
data at a certain sampling time t m and voltage data vj m . p and current data ij m _ p at any other sampling time Vp. and 
35 the addition filter is a filter in which transfer function "(1+Z" 1 +Z" 2 + • • • +Z* n ) (1+Z" 1 ) w ("n+lsk+q") is used to 
output voltage data v sm and current data i sm serving as the first and second additive electric variable data at the 
certain sampling time t m and voltage data v sm _ p and current i sm . p at the other sampling time t m .p. 

3. A protective relay system as set forth in claim 2, 
40 wherein the relay control means includes 

controlled variable calculating means for calculating relay controlled variable including at least one of reac- 
tance value, resistance value and operation/suppression quantity on the basis of the voltage data vj m and Vj m . p and 
the current data ij m and ij m . p which are outputs of the difference filter of the digital filter means and the voltage data 
v sm and v sm . p and the current data i sm and i sm . p which are outputs of the addition filter thereof; and 
45 operation judging means for judging whether or not value of the relay controlled variable calculated by the 

controlled variable calculation means has a predetermined relationship with respect to a predetermined setting 
value and constant. 

A protective relay system as set forth in claim 3, 

wherein the controlled variable calculation means is constituted by reactance value calculation means for 
determining reactance value X m by the following equation (A) on the basis of the current data i jm and ij m . p which 
are outputs of the differential filter, and the voltage data v sm and v sm _ p and the current data i sm and i sm . p which are 
outputs of the addition filter 

• V • / + / • V 

V sm ' sm- p 1 ^ ' sm v sm-p / «\ 

A m- -/. ./ +/. ./ l M '* 
' jm ' sm-p^' jm-p 1 sm 



4. 
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and 

wherein the operation judging means judges the discriminant "X m * from reactance value X m and setting 
value Xs determined by the reactance calculating means. 

A protective relay system as set forth in claim 3, 

wherein the controlled variable calculating means is constituted by operation/suppression quantity calculating 
means for calculating operation/suppression quantities a m and b m corresponding to the reactance value by the 
following equation (B) on the basis of the current data i jm and i jm . p which are outputs of the differential filter and the 
voltage data vsm and vsm-p and the current data i sm and i sm . p which are outputs of the additive filter: 

a m = " v sm " 1 sm-p + , sm' v sm-p 

bm = - i jm' i sm.p +j jm-p* i sm < B) ' 

and 

wherein the operation judging means judges discriminant "b m • X s -a m s K0 " from the operation/suppres- 
sion quantities am and bm determined by the operation/suppression quantity calculating means, and setting value 
X s and constant K0. 

A protective relay system as set forth in claim 3, 

wherein the controlled variable calculation means is constituted by ohm value calculating means for deter- 
mining ohm value R m by the following equation (C) on the basis of the current data i jm and i jm . p which are outputs 
of the difference filter and the voltage data v sm and v sm . p and the current data i sm and i sm _ p which are outputs of the 
addition filter: 

o _ 'JjT. * V sm-p+ v sm * 'jm-p (Q) 

m _ | mi J. ! . mi 

'jm ' sm-p^'jm-p ' sm 

and 

wherein the operation judgment means judges discriminant "R m ^ R s * f r ° m ohm vdu* R m determined by 
the ohm value calculating means and setting value R s . 

A protective relay system as set forth in claim 3, 

wherein the controlled variable calculating means is constituted by operation/suppression quantity calculating 
means corresponding to ohm value by the following equation (D) on the basis of the current data i Jm and i jm .p which 
are outputs of the differential filter and the voltage data v sm and v sm . p and the current data i sm and i^p which are 
outputs of the additive filter: 

c m = jm " v sm-p +v sm " 1 jm-p 
bm^-'jm-Um-p + ijm-p* (D) 

and 

wherein the operation judging means judges discriminant "b m • R s -c m ^ K1 " from the operation/suppres- 
sion quantity cm and bm determined by the operation/suppression quantity calculating means, and setting value R s 
and constant K1 . 

A protective relay system as set forth in claim 3, 

wherein the controlled variable calculating means is constituted by reactance value calculating means for 
determining reactance value Xm by the following equation (A) on the basis of the current data i jm and i jm . p which 
are outputs of the difference filter, and the voltage data v sm and v sm . p and the current data i 8m and i sm . p which are 
outputs of the addition filter 

X _ sm ' sm-p^ ' sm v sm-p ^ 
m jm ' 1 sm-p* 1 jm-p ' 'sm 
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and ohm value calculation means for determining ohm value Km by the following equation (C) on the basis of the 
current data ij m and ij m . p which are outputs of the difference filter and the voltage data v sm and v sm . p and the current 
data i sm and i sm . p which are outputs of the addition filter: 

D l jm v sm-p TV sm jm-p /r%x 

R m = ./ Jj: 7] (°) 

'jm ' sm-p^'jm-p sm 

and 

wherein the operation judging means serves to discriminate the discriminant (E) on the basis of the reactance 
io value determined by the reactance value calculating means the ohm value R m determined by the ohm value calcu- 
lating means: 

(Rm)-Ro)-(Rm-RF) + (X m -X o )-(X m -X F )^0 (E) 

is where Ro (ohmic component) is setting value at the side close to the offset mho, 

Xo (reactance component) is setting value at the side close to the offset mho, 

Rp (ohmic component) is setting value at the side remote from the offset mho, and 

X F (reactance component) is setting value at the side remote from the offset mho. 

20 9. A protective relay system as set forth in claim 3, 

wherein the controlled variable calculation means is constituted by polarity voltage preparation means for 
preparing polarity voltage vpjm having a predetermined relationship with respect to the voltage data Vj m and/or v sm 
on the basis of the voltage data v Jm which is output of the difference filter and voltage data v sm which is output of 
the addition filter, and the operation judgment for judging, on the basis of voltage data vjm and current data ijm which 

25 are outputs of the difference filter, voltage data v sm and current data i sm which are outputs of the additive filter, 
polarity voltage V p j m which is output of the polarity voltage preparation means, and setting values R s and X^ 

Vpjm-p • URs • Um + *s • 'jm)- v 6m} - v pjm * « R s * « sm-p + X s * ' jm-p** sm-p^K 2 (F) 

30 10. A protective relay system as set forth in claim 9, 

wherein the polarity voltage preparation means synthesizes a voltage orthogonal in a fundamental wave with 
respect to output v sm of the addition filter in terms of vector to output it as the polarity voltage v p j m to the operation 
judgment means. 

35 1 1 . A protective relay system as set forth in claim 9, 

wherein the polarity voltage preparation means serves to output a voltage earlier by predetermined time of 
voltage data v im from the differential filter at the sampling time point ^ to the operation judgement means. 

12. A protective relay system as set forth in claim 9, 

<o wherein the polarity voltage preparation means serves to synthesize positive phase voltage from output vj m 

of the differential filter and output v sm of the additive filter with three-phase voltage of the power system at the 
sampling time t m being as reference to output it as the polarity voltage v p j m to the operation determination means. 

1 3. A protective relay system as set forth in claim 3, 

45 wherein the controlled variable calculation means is composed of: 

charge current compensation means for determining predetermined electric variable (i sm -C s • Vj m ) on the 
basis of the voltage data v jm as output of the differential filter at the sampling time point t m , the current data i 6m as 
output of the additive filter, and setting value C s ; and transmitting/receiving means adapted for transmitting the 
predetermined electric variable (i sm -C s • v j m ) delivered from the charge current compensation means to a desti- 

50 nation electric station (B electric station) except for the electric station where the protective relay system is installed 
and for receiving electric variable ( i sm -C s • v jm ) B from any other protective relay system installed in the destination 
electric station (B electric station), and 

wherein the operation judgment means serves to judges, on the basis of the predetermined electric variable 
(i sm -C s • v jm ) delivered from the charge current compensation means and the predetermined electric variable 

55 ( i sm -C s • v jm ) B delivered from the transmitting/receiving means whether or not the following discriminant (G) holds: 

00 sm-C s • v Jm ) + (i sm -C s • v jm )Bfl ska - {fli sm -C s • V + D (i sm -C s • v jm )B«} + kb (G) 
where |am|| is quantity proportional to amplitude value of a.c. electric variable a at the time point of t m . 
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is No. ratio suppression digits (absolute number), and 
is minimum sensitivity current. 
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